INTRODUCTION
Isoforms of apolipoprotein E (ApoE) have been implicated as risk factors in Alzheimer's disease. We have, therefore, examined the possible role of ApoE in memory formation, using a one-trial passive avoidance task in dayold chicks. Birds were trained on the task and ApolipoproteinE (ApoE) is a low-molecularweight, 299 amino-acid protein, with a molecular size variously described as ranging from 34-37kDa (Beffert et al., 1998; Puttfarken et Beffert et al., 1998) . ApoE mRNA is richly present in the brain; ApoE is synthesized notably by astrocytes (Poirier et al., 1991) . In mammals, ApoE is one of eight exchangeable and soluble lipoproteins (including ApoA I, II, IV and ApoC-I, II, III; Babin et al., 1997) . Until recently, the Apo-E form was believed to be absent from other non-mammalian vertebrate species; Babin et al., (1997) (Rose, 1995) . The biochemical cascade required for such remodeling has been studied in a variety of vertebrate species and training tasks.
Convergent evidence from several laboratories has identified a sequence of events which, beginning with synaptic transients, second messenger release, and the activation of transcription factors and immediate early genes, culminates in the synthesis and insertion into pre-and post-synaptic membranes of a variety of glycoprotein cell-adhesion molecules (Rose, 1996) .
A model system in which this cascade has been mapped in detail is the one-trial, passive avoidance learning task in day-old chicks. In this task, birds are offered a small bright bead, at which they will peck spontaneously within a few seconds. If the bead is coated in a bitter tasting substance they will peck once, evince a disgust response, and avoid similar but dry beads subsequently (Andrew, 1991) . Rose (1995 Rose ( , 1996 (Scholey et al., 1993 (Scholey et al., , 1995 . We suggested that this late phase is a period that is associated with the transition from short-term, to long-term memory (Rose, 1995) .
Granted the extracellular location of the apolipoproteins and their interaction with membrane-bound receptors, a logical approach to inquiring whether they have a specific role to play in the cascade would be, therefore, to examine the effect of antibodies to such molecules on learning and memory for the passive avoidance task. In this paper we report that antibodies to ApoE, but not to ApoA-I, when injected around the time of training, are indeed amnestie.
EXPERIMENTAL Animals and training
Commercially obtained Ross Chunky eggs were incubated and hatched in our own brooders and held until 24+6 hr old. The chicks were then placed in pairs in small aluminum pens, pretrained, and trained essentially as described by Lossner & Rose (1983) . Briefly, following an equilibration period of 1 hr, chicks were pretrained by three 10-see presentations of a small (2-mm diameter) white bead, at approximately 5 min intervals. Chicks failing to peck at the bead at least twice in three presentations (<5%) were not used subsequently, but remained in their pens for the duration of the experiment. Following the last pretraining trial, the chicks were injected, where appropriate, as described below, before being trained by a 10 see. presentation of a 4-ram-diameter chrome bead that had been dipped in the bitter-tasting methylanthranilate. At various times aider training, the chicks were tested by offering them a small (2-ram-diameter) white bead, followed 10 rain later by a dry 4-ram-diameter chrome bead, each for 20-30 see. The chicks were considered to remember the task if they peeked at the white bead but avoided the chrome bead at test, and to have forgotten the task if they peeked at both beads. Only chicks peeking at the bitter bead on training and on the white bead at test were included in the final results. Among the chicks meeting the criterion (>80%), recall was calculated as a percent avoidance score (that is, the percentage of chicks in each group that avoided the chrome bead). Each chick was trained and tested only once, and the differences between the groups were tested for statistical significance using the X; 2 test. The significance levels were set at 5%. Murakami et al. (1986) , separated by SDS-PAGE under reducing conditions using a 12% polyacrylamide gel (Laemmli, 1970) , and then transferred to nitrocellulose (Burnette, 1981) . The blots were routinely checked by post-transfer staining with Ponceau S.
The nitrocellulose was incubated in blocking buffer [Tris-buffered saline (TBS) pH 7.5 containing 5% skimmed milk powder and 0.05% Tween 20]. The antibodies were diluted in blocking buffer (ApoE 30pg/ml, ApoA-I 201ag/ml), and the blot was incubated overnight at 4C. After three 10 min washes, peroxidase-conjugated anti-mouse IgG (for ApoE) and peroxidase-conjugated anti-rabbit IgG (for ApoA-I) were added at a dilution of 1"500 in blocking buffer, and the blot was incubated overnight at 4C. The immuno-reactive bands were detected as described previously (Scholey et al., 1993) . To (Fig. 2, a,b) , in what appears to be 'trails' through the neuropil (Fig. 2, c,d ) and around the ventricle (Fig. 2, e,f) . Note also (Fig. 2, g ) the very circumscribed region of damage around the shows, chicks injected with 5tg, but not ltg, antiApoE per hemisphere 30 minutes before training showed significant amnesia when tested 24 hr later. The amnesia was also apparent if the antibody was injected just post-training.
As Fig. 4 also shows, no amnesia occurred if, instead of anti-ApoE, the same concentration (5tg/ hemisphere) of anti-ApoA-I was injected. Arnnesia did not occur in chicks injected with anti-ApoE 5.5 hr post-training (retention with saline controls" 70%, n=14; retention in antibody-injected el'ticks" 70%, n= 14, ns). The amnesia was of rapid onset; chicks injected with 5tg/hemisphere of anti-ApoE 30 min before training were amnesic when subsequently tested at 1, 6, or 24 hr. Although the degree of amnesia at 30 min did not quite reach a level of significance, the overall trend itself is clear (Fig. 5) : The amnesia was of rapid onset and irreversible. The antibody did not, however, affect the behavior, visual capacity, or motor coordination of the birds during the training trials, as indicated by the finding that of the chicks injected with saline pretraining, 53/54 trained successfully; of those injected with anti-ApoE, 55/59 trained successfully.
DISCUSSION
Because ApoE isoforms have been implicated as risk factors for Alzheimer's disease, and the early stages of that disease are characterized by loss of the ability to transfer items from short-term to longterm memory, it has become of importance to assess the putative role of ApoE in that transfer process.
One way of approaching this question is by examining the effect of gene deletions of ApoE, or of the specific isoform (ApoE 4), known to be a major risk factor for the disease (Strittmatter & Roses, 1996) .
Whereas one group (Masliah et al., 1997) reported cognitive impairment in mice with Apo-E deletions, others have found relative slight effects (Anderson et al., 1998) . Such differences may be related to genetic background or to other factors affecting the interpretation of all such deletion experiments, notably the confounding effect of developmental and neuronal plasticity (Gerlai, 1996) .
A more direct approach would be to attempt to interfere with the functioning of the protein during the actual processes of training and recall. One such method is provided by the use of antisense, an approach that we have employed previously in identifying a role for the protein product of the immediate early gene c-fos (Mileusnic et al., 1996) and for APP (Mileusnic et al., 1998 (Scholey et al., 1993 (Scholey et al., , 1995 Tiunova et al., in press ).
In rodents, similar methods have shown comparable results (Doyle et al., 1992; Fox et al., 1995; Alexinsky et al., 1997; Roullet et al., 1997 (Rajavashisth et al., 1987; Ferrari et al., 1987) , ApoE was thought to be present only in mammals. As non-mammalian vertebrates have now been shown to express ApoE, however, especially during development (Babin et al., 1997) , the way seemed open to explore the role of ApoE in the passive avoidance paradigm.
Western blotting showed that when authentic human VLDL ApoE was probed with the mAb antiApoE, a number of bands, in addition to the expected one at 34-37 kD, were recognized. The bands were not only very broad, making the precise molecular mass identification uncertain, but also showed the smearing that is characteristic of glycosylated proteins. Comparison with the blot obtained using chick SPMs showed a number of possible correspondences, including those found in the chick at 41, 50, and 71kD (Fig. 1, a,b) . The chick SPM signal was weak, however, perhaps because much soluble ApoE had been removed during the preparation of the SPMs. By contrast, and not unexpectedly, antibody to ApoA-I gave a much stronger signal on Western blotting, with major bands seen at 60 and 140kDa. The implication of the presence of multiple bands, even for the authentic human ApoE, is not known.
When injected into the IMHV, however, both antibodies showed strong immunofluor-escence, with no obvious differences in distribution and with extensive binding to the neuropil and around the ventricles in the minutes after injection (Fig. 2) . The residence time of the antibodies was relatively brief; within 30 min post-injection most fluorescence was concentrated around the ventricles (Fig. 3) , and had entirely disappeared by 60 min. This result contrasts with the longer residence times found, for instance, for antibodies to NCAM (Scholey et al., 1993) . The ventricular concentra-tion implies that much of the signal is lost by diffusion; some might be lost, however, because of internalization and inactivation ofthe antibody. The apparent identity of the intracerebral distribution of the immunofluorescence of both antibodies points to a related functional distribution of their respective antigens, lending strength to the significance of the clear separation of effects on memory retention between the two. Anti-ApoA-I gave a stronger signal on Western blots of chick SPMs than did anti-ApoE, and had a similar distribution pattern upon injection into the IMHV. Anti-ApoE, however, and not anti-ApoA-I, was amnestic when injected into the IMHV either 30 min pre-or just post-training on the passive avoidance task. This result may be related to that of Masliah et al., (1997) (Rose, 1995 , Scholey et al., 1995 . As the possibility that the transport, of LDL or VLDL is directly required for memory formation is not considered likely, at least not at this early time point, the implication would be that the effects of anti-ApoE are mediated via a blockade of some other function of the protein.
If, as we believe, memory formation requires the modulation of synaptic connectivity, the finding that ApoE affects neurite extension (Puttfarken et (Mileusnic et al., 1998 
